IMPORTANCE Substantial quality improvements in neonatal care have occurred over the past decade yet racial and ethnic disparities in morbidity and mortality remain. It is uncertain whether disparate patterns of care by race and ethnicity contribute to disparities in neonatal outcomes.
In fact, 98% of NICUs achieved the risk-adjusted rate of mortality of the best 10% of units in 2005. 2 Despite these improvements, wide variation in mortality and serious morbidities exist across NICUs. 1, 3, 4 Although rates of death have decreased, persistent racial/ ethnic neonatal mortality disparities exist, with nonHispanic black neonates dying at more than twice the rate of non-Hispanic white neonates and Puerto Rican neonates also having an elevated risk of death. 5 Limited research also suggests that, compared with non-Hispanic white preterm infants, non-Hispanic black and Hispanic preterm infants are at increased risk for severe neonatal morbidities, such as necrotizing enterocolitis, 6 intraventricular hemorrhage, 7 retinopathy of prematurity, 7 and bronchopulmonary dysplasia. 8 Disparities in these morbidities are associated with later neurodevelopmental disabilities, placing very preterm birth (VPTB) infants at a disadvantage over the life course. 3, 9 Data from the early 2000s document wide variation in very preterm neonatal outcomes across hospitals and showed that non-Hispanic black infants were more likely to be born in hospitals with poorer neonatal outcomes. 10, 11 Risks of morbidity have also been related to hospital factors and suggest that quality of care contributes to variation across hospitals. 12 The extent to which these variations contribute to racial/ethnic disparities in neonatal mortality and morbidity is not known. Given the quality-improvement trajectory over the past decade, we wondered whether disparate patterns of care by race and ethnicity were still apparent, whether hospital performance varied for both serious very preterm morbidities and mortality, and about the extent to which variations in hospital performance contributed to disparities in care for nonHispanic black, Hispanic, and non-Hispanic white very preterm infants. Our objectives were to (1) measure riskadjusted neonatal morbidity and mortality rates for VPTBs in New York City hospitals; (2) assess whether non-Hispanic black, Hispanic, and non-Hispanic white births occur at hospitals with different risk-adjusted neonatal morbidity and mortality rates; and (3) determine whether differences in site of care by race/ ethnicity contribute to excess morbidity and mortality events.
Methods

Data Source
We used vital statistics birth records linked with New York State discharge abstract data, the Statewide Planning and Research Cooperative System (SPARCS), 13 for all live births in New York 
Cohort Selection
We created a VPTB cohort of 8311 infants born from 24 to 31 completed weeks of gestation. We excluded infants with congenital anomalies and infants born in 1 hospital with a total volume of VPTB infants that did not meet our inclusion criterion of more than 25 for 2010 through 2014 (n = 11). The final cohort for analysis was 7177 infants in 39 hospitals. For infants transferred before death (n = 522), mortality was attributed to the hospital of birth. Neonatal morbidities after transfer were not included in our data set.
Outcome Variable
Our outcome variable was a combined measure of neonatal mortality and severe neonatal morbidity. Neonatal mortality was defined as death up to but not including 28 days, or within 1 year if continuously hospitalized. Severe neonatal morbidity was defined by the presence in the infant hospital record of the International Classification of Diseases, Ninth Revision code for any of the following diagnoses or procedures: bronchopulmonary dysplasia, necrotizing enterocolitis (unspecified, stage 2 or 3, laparotomy), retinopathy of prematurity (stage 3, 4, or 5), and intraventricular hemorrhage (grade 3 or 4) (eTable 1 in the Supplement).
Covariates
We obtained maternal sociodemographic characteristics from the birth certificate, including race, ethnicity, maternal educational level, nativity, and age. We created a race/ethnicity variable by combining the race and information on Hispanic ethnicity into the following categories: non-Hispanic black, Hispanic, non-Hispanic white, Asian, and other. For this analysis, we refer to non-Hispanic black as black and non-Hispanic white as white. Maternal morbidities were ascertained using a combination of the mother's SPARCS record and birth certificate to maximize sensitivity of our measures (eTable 2 in the Supplement). 15, 16 We used the clinical estimate of gestational length in weeks and birth weight from the birth certificate. Congenital anomalies were identified using diagnosis codes from the infant's SPARCS record (eTable 3 in the Supplement). 17 Similar to other models on neonatal mortality rates, 10 
Statistical Analysis
We conducted a bivariate analysis of maternal and infant covariates with neonatal morbidity and mortality using χ 2 tests.
We used mixed-effects logistic regression with a random hospital-specific intercept to generate risk-standardized neonatal morbidity and mortality rates for each hospital. The covariates for risk adjustment were maternal sociodemographic characteristics, including race/ethnicity, medical, and obstetric factors, as well as infant factors occurring before birth ( Table 1) . Because birth weight and gestational age are collinear, we calculated a z score of birth weight for gestational age using the 2010 US birth weight standard by sex. 18 We then included gestational age and z score as risk-adjustment covariates. Hospital risk-standardized rates were computed from this model by using methods recommended by Hospital Compare. 19 These rates were the ratio of predicted to expected neonatal morbidity and mortality rates multiplied by the sample mean neonatal morbidity and mortality rate. For each hospital, the numerator of the ratio is the predicted number of neonatal morbidity cases and deaths based on the hospital's performance with its case mix, and the denominator is the expected number of cases and deaths based on the New York City performance with that hospital's case mix. We then ranked hospitals from lowest to highest risk-standardized neonatal morbidity and mortality. We conducted sensitivity analyses of hospital rankings by repeating the analysis as follows: (1) with neonatal mortality only as the outcome; (2) within the cohort of very low-birth-weight infants based on 6594 infants with a birth weight from 500 to 1499 g; and (3) after excluding the Apgar score from the riskadjustment model. Because our data did not include morbidities after an infant was transferred to another hospital or care facility and because transferred infants differed from nontransferred infants with regard to morbidity and mortality, we also conducted a fourth sensitivity analysis after excluding hospitals with level 2 nurseries because the hospitals that transferred a substantial proportion (>20%) of infants were all level 2 nurseries. To assess racial/ethnic disparities in the use of hospitals, we used the Kolmogorov-Smirnov test to assess whether the distributions of VPTB infants among hospitals differed by racial and ethnic group. 20 We used χ 2 tests to compare the percentage of black, Hispanic, and white VPTB infants in the highest morbidity and mortality tertile of hospitals (defined by the number of hospitals in each group). We then explored interactions between maternal race/ethnicity and hospital morbidity and mortality tertile by comparing risk-adjusted neonatal morbidity and mortality rates by race/ethnicity in hospitals in the low-, middle-, and high-morbidity and mortality tertiles. We also assessed how maternal and infant characteristics and choice of delivery hospital contributed to the observed ethnic disparities in neonatal morbidity and mortality rates. We grouped mothers' characteristics into those representing health risks (age, parity, delivery type, smoking status, body mass index, pregnancy complications, and comorbidities) and socioeconomic status (educational level, insurance, and an indicator for non-US born). Infant characteristics included birth weight, gestational age, sex, and multiple pregnancies. We used methods described by Fairlie et al 21 to assess the contribution of each of these 4 factors to disparities in neonatal morbidity and mortality. Briefly, these methods involved (1) taking a random sample of black mothers equal in number to the sample of white mothers; (2) matching the sampled black mothers to white mothers based on the predicted probability of morbidity and mortality from the first logit model described above, with dummy variables included for each hospital; (3) sequentially replacing each black mother's characteristics, including choice of hospital, with the matched white mother's characteristics for each of the mother, infant, and hospital choice characteristics; and (4) predicting morbidity and mortality for each black mother with these new sets of variables. Because the results of these steps depend on the sample of black mothers chosen and the sequence by which white mother, infant, and hospital characteristics are substituted for black mother characteristics, this process was repeated 500 times, taking a different sample of black mothers and a different sequence for substituting variables with each iteration and calculating the mean of the results. A P value of .05 was set a priori to denote statistical significance. All P values were 2-sided. Statistical analyses were performed using SAS software, version 9.4 (SAS Institute Inc) or Stata, version 14 (StataCorp). white infants for 32.0% (n = 190 676). Very preterm births accounted for 1.5% of total births for these years: 2.8% of black births (n = 2775), 1.5% of Hispanic births (n = 2168), and 1.0% of white births (n = 1418). Black infants accounted for 38.4%; Hispanic infants, 30.1%; and white infants, 20.1% of all VPTB infants. Table 1 shows the sociodemographic and clinical characteristics of the VPTB infants in our study sample. Of the 7177 infants, 2011 (28.0%) died or experienced serious morbidity. There were significant differences in VPTB morbidity and mortality rates for some maternal and infant characteristics. As given in Table 1 , 570 infants (7.9%) died and 1597 (22.5%) experienced a serious morbidity; morbidity rates differed significantly by race/ethnicity. Table 2 presents the results of our model fitting for neonatal morbidity and mortality using maternal and infant variables. Birth weight, gestational age, Apgar score at 1 minute, maternal body mass index, and maternal diabetes were significantly associated with neonatal morbidity and mortality composite outcome.
Results
Maternal and Infant Demographic Characteristics
Hospital Risk-Standardized Morbidity and Mortality Rates
Twenty-seven of the 39 hospitals (69.2%) were private, 33 (84.6%) had level 3 or 4 nurseries, and all were teaching hospitals. Hospitals were ranked according to risk-standardized morbidity and mortality rates. Five-year risk-standardized rates (Figure) . The cumulative distribution of deliveries among hospitals ranked from lowest to highest morbidity and mortality rates differed for black vs white mothers (P < .001) and for Hispanic vs white mothers (P < .001) (eFigure 1 in the Supplement). We divided the hospitals in tertiles based on hospital ranking, and the adjusted morbidity and mortality risk for very preterm infants differed for infants born in low-(0.16; 95% CI, 0.14-0.18), middle-(0.25; 95% CI, 0.22-0.27), and high-(0.40; 95% CI, 0.38-0.41) morbidity and mortality hospitals. There was no racial/ethnic difference in adjusted risk for morbidity and mortality composite outcome within the low-, middle-, or high-morbidity and mortality tertiles as shown in Table 3 . However, 1204 of 2775 black (43.4%), 746 of 2168 Hispanic (34.4%), and 325 of 1418 white (22.9%) VPTB infants were born in the highest morbidity and mortality tertile of hospitals (P < .001). The risk difference for black compared with white very preterm infants was 20% (95% CI, 18%-23%); for Hispanic very preterm infants compared with white very preterm infants, it was 11% (95% CI, 9%-14%). Sensitivity analyses using mortality only as the outcome produced very similar rankings of hospitals and racial/ethnic distributions among hospitals (eFigures 2 and 3 in the Supplement). When we excluded 6 hospitals with level 2 nurseries, the racial/ethnic differences in distributions were similar, with 1174 of 2717 black (43.2%), 695 of 2060 Hispanic (33.7%), and 321 of 1392 white (23.1%) VPTB infants (P < .001) born in the highest morbidity and mortality tertile of hospitals (eFigure 4intheSupplement). Sensitivity analysis excluding Apgar score from the risk-adjustment model produced similar results (eFigure 5 in the Supplement). Table 4 shows that 49.8% of the explained black-white disparity can be attributed to differences in infants' health risks between black and white VPTB infants, and 39.9% can be attributed to the fact that white mothers received care at betterperforming hospitals than black mothers. The contributions of black mothers' health and socioeconomic status were negligible. Similarly, 48.4% of the explained Hispanic-white disparity can be attributed to differences in infant health risks between Hispanic and white VPTB infants, and 29.5% can be attributed to the fact that white mothers receive care at betterperforming hospitals than Hispanic mothers.
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Discussion
Black and Hispanic VPTB infants are more likely to be born in New York City hospitals with higher risk-adjusted neonatal morbidity and mortality rates than are white VPTB infants. Our data document that these disparate patterns of utilization explain 40% of the black-white racial disparity and nearly one-third of the Hispanic-white disparity in VPTB neonatal morbidity rates in New York City. Despite more than 10 years of quality improvement, poor performance at hospitals where black and Hispanic mothers deliver is an important and likely modifiable cause of racial and ethnic disparities in neonatal outcomes.
Our study is one of few to investigate hospital quality and racial and ethnic disparities in severe neonatal morbidity. In our analyses, observed racial and ethnic disparities in VPTB neonatal morbidity and mortality rates were driven by higher rates of severe neonatal morbidities among black and Hispanic VPTB infants. These morbidities are important adverse neonatal outcomes and are associated with additional diagnostic, therapeutic, and surgical interventions; increasing length of stay; risk for rehospitalization; and costs. 3, 22 In addition, they have major implications for disparities over the life course, as they are associated with long-term neurodevelopmental disabilities. 3, 9 These early disparities set a trajectory for later life, as health differences in the short term can persist and be amplified over the long term. [23] [24] [25] [26] [27] Our results that black, Hispanic, and white VPTB infants are born in different hospitals are similar to findings by previous studies from more than a decade ago documenting that differences in where black and white babies were born contributed to black-white disparities in mortality rates of very low-birth-weight neonates. 10, 11 The study by Howell et al 10 concluded that improving outcomes at the lowestperforming hospitals would result in a significant narrowing of disparities. During the past few decades, a large body of research from pediatrics and other areas of medicine has documented that black patients often receive care in a concentrated set of hospitals and that these hospitals have poorer quality of care and higher mortality rates. 28, 29 Why black and Hispanic women deliver their infants in poorer-performing hospitals is not known. Factors including distance to the hospital, insurance, hospital structural characteristics, patterns of racial segregation, community factors, physician referral, risk perception, patient choice, access, and the management of medical emergencies during pregnancy likely all contribute to why women deliver at specific hospitals. 10, 30 Previous research found that distance did not explain why black women were more likely to deliver at hospitals in New York City with higher risk-adjusted neonatal mortality. 31 In the present study, we used a common decomposition tool from the literature 21 and found that a significant proportion of both the black-white and the Hispanic-white VPTB disparities in neonatal morbidity and mortality could be attributed to infant factors, whereas maternal social and demographic factors did not explain these differentials. Although these maternal factors are strongly related to the probability of preterm birth, previous research has not found them to be predictors of very preterm outcomes in the NICU. 32 In contrast, a significant proportion of the explained disparity could be attributed to birth hospital, suggesting that hospital quality does contribute to racial and ethnic VPTB morbidity and mortality gaps. Given the expanding body of literature associating hospital-level variables, such as volume of deliveries and nurse staffing ratios, with neonatal outcomes, 17 more research is needed to elucidate the mechanisms by which these hospital characteristics may contribute to disparities.
Limitations
Our analysis has some limitations. Both vital statistics and SPARCS data have limitations with the reliability of specific variables. [33] [34] [35] However, we combined both sources as recommended to optimize validity. 16 We could not identify morbidity after transfer to another hospital, but sensitivity analyses removing hospitals with a higher proportion of transfers did not affect our results. We conducted a decomposition analysis and estimated the extent to which hospital of birth may contribute to observed racial disparities. However, we were unable to account for unmeasured factors that are associated with both race and VPTB neonatal mortality. Although we adjusted for some social factors likely associated with infant outcomes, others (eg, crime, neighborhood poverty, and environmental toxins) were not available in our data set. 36 Furthermore, our cross-sectional data could not evaluate trends and did not include fetal deaths. Nevertheless, we conducted a population-based study based on linked data and were able to construct a robust risk-adjustment model that included important social and clinical confounders and documented that racial/ethnic disparities in hospital of birth continue. Our results may be generalizable to other large diverse urban areas.
Conclusions
We found that black and Hispanic VPTB babies are more likely than white VPTB babies to be born at hospitals with worse neonatal outcomes, and these differences in site of care contribute to disparities in VPTB neonatal morbidity and mortality in New York City. Disparities in severe neonatal morbidity are consequential, as these morbidities are major determinants of severe impairments, such as cerebral palsy, neurocognitive developmental delays, and mental health problems, and therefore perpetuate health and socioeconomic disparities across the life course. 9 These disparities, coupled with the wide variation in hospital NICU performance across New York City hospitals, are alarming. Given the significant improvements in neonatal care over the past decade, it is time to direct these quality efforts to reduce racial and ethnic disparities in neonatal outcomes. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38 
